The objective of this study is to measure interobserver variability in the classification of laryngeal mucosal premalignant lesions by reassessing the histopathology of previously diagnosed cases and to determine the possible therapeutic consequences of disagreement among observers. Histopathological assessment of 110 laryngeal mucosal premalignant lesions was done by three pathologists. Each slide had to be classified according to the World Health Organization, Squamous Intraepithelial Neoplasia, and the Ljubljana Squamous Intraepithelial Lesions systems. After the independent assessment, a joint meeting took place. To assess the relation between histopathological grading and subsequent clinical management, we created a two-and a three-grade system besides one comprising all options. For all analyses, the SAS/STAT statistical software was used. The highest unweighted j-values concerning the all-options system are observed for the Squamous Intraepithelial Neoplasia classification (0.28, 95% confidence interval 0.23-0.33), followed by the World Health Organization and Ljubljana classifications. For the two-grade system the Ljubljana classification shows the highest unweighted j-values (0.50, 95%, 0.39-0.61), followed by the World Health Organization and Squamous Intraepithelial Neoplasia classifications. For the three-grade system, the unweighted j-values are similar. The implementation of weighted j-values led to higher scores within all three classification systems, although these did not exceed 0.55 (moderate agreement). Given the high level of consensus, simultaneous pathological assessment may be said to provide added value in comparison with independent assessment. In the current study, no clear tendency is observed in favor of any one classification system. The proposed three-grade system could be an improved histopathological tool because it is easier to correlate with clinical decision making and because it yields better unweighted j-values and proportions of concordance than the all-options system. Furthermore, clinical management could benefit from assessment by more than one pathologist in suspected cases of dysplasia or carcinoma.
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Keywords: histopathology; larynx; premalignant Laryngeal mucosal premalignant lesions are seen frequently in clinical practice. They are defined as an altered epithelium with an increased likelihood of progression to laryngeal squamous cell carcinoma. The altered epithelium shows a variety of cytological and architectural changes that have traditionally been brought under the common denominator of dysplasia.
1,2 Grading of dysplasia, including that of laryngeal lesions, continues to be a topic of debate. It is subjective and has been shown to lack intra-and inter-observer reproducibility, which may have significant therapeutic implications. [3] [4] [5] [6] [7] To minimize both morbidity and mortality, it is highly important to detect the lesions at risk for malignancy in its earliest stage. [8] [9] [10] Unfortunately, there is no universally accepted histopathological classification system. Moreover, there is no consensus on the diagnostic criteria for the various entities, particularly on criteria to differentiate severe dysplasia from carcinoma in situ. This is illustrated by the fact that during the last decades, more than 20 classification systems have been described for laryngeal mucosal premalignant lesions. 3, [11] [12] [13] [14] [15] In the current literature and clinical practice, the 2005 World Health Organization, Squamous Intraepithelial Neoplasia, and the Ljubljana Classification of Squamous Intraepithelial Lesions systems are the most widely used and are considered the most relevant. So far, the reproducibility of one of these systems, the World Health Organization classification, has been evaluated for laryngeal lesions in just one published study. 6 Thus, for the Squamous Intraepithelial Neoplasia and Ljubljana systems, no data are available on reproducibility for laryngeal lesions.
The objective of the present study is to reassess the histopathology of previously diagnosed laryngeal mucosal premalignant lesions in order to measure the interobserver variability of the World Health Organization, Squamous Intraepithelial Neoplasia, and Ljubljana classification systems and to determine the possible therapeutic consequences of disagreement among observers. Moreover, a proposal to compensate for this variability is made to facilitate the use for clinical purposes.
Materials and methods
To set up an interobserver study on the histopathological assessment of laryngeal mucosal premalignant lesions, three pathologists with head and neck pathology as a field of interest (Marie-Louise van Velthuysen, Freek Bot, and Piet Slootweg) reviewed laryngeal mucosal premalignant lesions cases. Sections stained with hematoxylin and eosin (H&E) were obtained from the files of the Departments of Pathology at the Radboud University Nijmegen Medical Center (n ¼ 60) and the Maastricht University Medical Center (n ¼ 50). The sections represented a range of diagnoses along the spectrum of laryngeal mucosal premalignant lesions. The World Health Organization classification provides the following options: normal histopathology (hyperkeratosis); inflammation; hyperplasia; mild dysplasia; moderate dysplasia; severe dysplasia; carcinoma in situ; and squamous cell carcinoma. The Squamous Intraepithelial Neoplasia classification is slightly different: normal histopathology (hyperkeratosis); inflammation; SIN 1; SIN 2; SIN 3; and squamous cell carcinoma. The options in the Ljubljana classification are different again: normal histopathology; inflammation; squamous cell (simple) hyperplasia; basal/parabasal cell hyperplasia; atypical hyperplasia; carcinoma in situ; and squamous cell carcinoma.
To calibrate the categories across the three systems and thus be able to compare the classification systems (Table 2) , we used the proposal made in the WHO-IARC blue book and by Gale et al. 1, 16 All three pathologists were familiar with the different classification systems. The microscopic slides examined by the reviewers were those on which the initial diagnoses had been made. After the independent assessment, cases with different independent diagnoses were randomly selected on the basis of the all-options system. At a joint meeting, this random selection was assessed by the three pathologists together in order to determine the degree of consensus, which serves as an indicator of the implications of having lesions reviewed by more than one pathologist simultaneously.
Besides comparing all separate options of each system, we designed a two-and a three-grade system (see Table 2 ) to include clinical management in the histopathological grading.
1, 17 The two-and three-grade systems are based on the risk of malignant progression and its consequences for clinical practice: a 'low-risk' group, not needing treatment based on grading, and a 'high-risk' group, requiring treatment, usually consisting of (laser) surgery or radiotherapy. 4, 18, 19 In the 'high-risk' group, the three-grade system additionally distinguishes mild and moderate dysplasia from severe dysplasia, carcinoma in situ, and squamous cell carcinoma (World Health Organization); it also distinguishes SIN 1 and 2 from SIN 3 and squamous cell carcinoma (Squamous Intraepithelial Neoplasia), and it differentiates (atypical hyperplasia) dysplasia from carcinoma in situ and squamous cell carcinoma (Ljubljana). This further differentiation was made because in daily practice normal histology, inflammation, and hyperplasia (green segment in Table 2 ) are generally considered to require no periodic observation. In contrast, the other histopathological diagnoses do require at least periodic observation (yellow segment in Table 2 ) and treatment (pink segment in Table 2 ), respectively.
Statistical Analysis
The k-statistics were calculated to assess the degree of interobserver agreement in the reporting of all options for each of the three classification systems and the derived two-and three-grade systems. The statistics describe the extent to which observers concur on a diagnosis, adjusted for levels of agreement that are expected to occur by chance Weighted k-values take into account the amount of disagreement between two raters when a scoring system has three or more categories, which means that more weight is given to a difference of more than one category than to a difference between raters of only one category. 22 All analyses were performed with SAS/STAT statistical software (SAS system 8.2, SAS Institute, Cary, NC, USA). Generalized, unweighted k-values for the three raters and their 95% confidence intervals were calculated using the SAS macro MAGREE. Finally, the proportion of total concordance among the three raters was calculated for each of the three scoring systems and the derived twoand three-grade systems.
Results
Two cases were excluded from analysis because of insufficient quality of the H&E-stained sections. Two other cases were excluded because of insufficient laryngeal tissue in the H&E-stained sections. Unweighted and Weighted j-Values Table 3 gives an overview of the unweighted and weighted k-values with 95% confidence intervals. Table 3 .
All options

Two-grade system
Comparison of the results for the two-grade system for the World Health Organization, Squamous Intraepithelial Neoplasia, and Ljubljana classification systems gave the following overall unweighted k-values: 0.44 (95% confidence interval 0.33-0. 55); 0.43 (95% confidence interval 0.32-0.54); and 0.50 (95% confidence interval 0.39-0.61), respectively. Weighted k-values for the pair-wise comparisons of the three observers are presented in Table 3 .
Three-grade system
Comparison of the results using the three-grade system for the World Health Organization, Squa- Table 3 . Table 4 shows the proportion of concordance among the pathologists for the three classification systems. The proportions using all grading options of the World Health Organization, Squamous Intraepithelial Neoplasia, and Ljubljana classification systems were 13% (95% confidence interval 7-20), 24% (95% confidence interval [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] , and 17% (95% confidence interval 10-24), respectively. Using the two-grade version of the World Health Organization, Squamous Intraepithelial Neoplasia, and Ljubljana classification systems, the proportions of concordance were 60% (95% confidence interval 51-70), 60% (95% confidence interval 51-70), and 62% (95% confidence interval 53-72), respectively. The proportions for the three-grade version of the World Health Organization, Squamous Intraepithelial Neoplasia, and Ljubljana classification systems were 42% (95% confidence interval 33-52), 43% (95% confidence interval 34-53), and 47% (95% confidence interval 38-57), respectively.
Proportion of Concordance
Simultaneous Pathological Assessment at the Joint Meeting
World Health Organization A total of 45 cases with different independent diagnoses that had been made on the basis of the all-options system were selected randomly. Consensus could be achieved in 37/45 (82%) of the cases. 
Squamous Intraepithelial Neoplasia
A total of 47 cases with different independent diagnoses based on the all-options system were selected randomly. Consensus could be achieved in 37/47 (79%) of the cases.
Ljubljana
A total of 40 cases with different independent diagnoses made on the basis of the all-options system were selected randomly. Consensus could be achieved in 28/40 (70%) of the cases. Regarding the World Health Organization and Squamous Intraepithelial Neoplasia classifications, the clinically relevant differentiation between moderate and severe dysplasia (SIN 2 or 3) was the main source of disagreement. Consensus could not always be reached in these cases, as illustrated in Figure 1 . For the Ljubljana classification, the clinically relevant differentiation between (para)basal and atypical hyperplasia turned out to be the most difficult for the raters, as illustrated in Figure 2 .
Discussion
In this report, the histopathology of previously diagnosed laryngeal mucosal premalignant lesions was reassessed by three experienced head and neck pathologists. The purpose was to measure the interobserver variability of the three most frequently used classification systems. In this study, these systems have been assessed using all their original categories. Alternatively, a two-or three-grade system has been used, clustering the categories according to the clinical consequences each one would have. When comparing the results of the current study with the literature, we noted that the only available similar study-by McLaren et al, 6 based on 100 laryngeal biopsies-published a k-value of 0.32 using all grading options and 0.52 for a two-grade system using the World Health Organization classification. No 95% confidence intervals were given in that study. In comparison, when we used the World Health Organization classification, we found an overall unweighted kvalue for all options of 0.21 (95% confidence interval 0.17-0.26). Our weighted k-values ranged from 0.48 (95% confidence interval 0.37-0.58) to 0.50 (0.39-0.60). Using the two-or three-grade system gave an overall k-value of 0.44 (95% confidence interval 0.33-0.55) and 0.39 (95% confidence interval 0.31-0.47), respectively. The implementation of weighted k-values led to higher values for all three classification systems. However, they did not exceed 0.55, corresponding with moderate agreement by Altman's criteria. 20, 21 Concerning the proportion of concordance for the two-and three-grade system, it should be noted that in 38-40% and 53-58% of the cases, respectively, the three pathologists disagreed. The proposed twoor three-grade system is based on the presumed chance of malignant progression and its implications for clinical practice: 'low risk' with mainly periodic observation in comparison with 'high risk' requiring (laser) surgery or radiotherapy. By extension, the clinical consequences would be either overtreatment (ie, surgery or radiotherapy instead of periodic observation) or undertreatment (ie, periodic observation instead of surgery or radiotherapy). Either way, the therapeutic implications would be significant. In that light, there is a need for additional tools to identify which lesions would and which would not become malignant if left untreated.
In our review of the literature, we noted that other authors have also proposed or investigated a binary or two-grade system to classify head and neck mucosal premalignant lesions. 4, 6, 16, 23 Gale et al 16 concluded that the results of a long-term follow-up study of 1268 patients once again justify the proposal of the Ljubljana classification. It entails dividing the morphological criteria into two basic groups: benign (squamous hyperplasia and basal/ parabasal hyperplasia) and potentially malignant (atypical hyperplasia). It has been customary to use relatively few categories (three or two) and to assess accuracy by measuring interobserver agreement with k-statistics. The extent of interobserver agreement is often less than anticipated when carefully controlled studies are undertaken, and there has been a tendency to recommend the use of fewer categories. 6, [23] [24] [25] [26] However, according to Deolekar and Morris, 24 the policy to lower the degree of inter-and intra-observer disagreement by reducing the number of subjective categories is misleading. Although acknowledging the importance of grading pathological continua, they concluded that information is lost when too few categories are used. The judgment should be cited along with a confidence interval so as not to imply a degree of accuracy that cannot be achieved. Some have argued that it would be logical to use more categories and to give the clinician a range of values within which the true value will lie (a 90, 95, or 99% confidence interval). 24, 27 Shannon 28 measured information on a binary system. One bit of information reduces uncertainty by one-half, two bits reduce it to one-quarter of the initial level, and three bits reduce uncertainty to one-eighth.
We prefer a three-grade system because of the correlation with daily clinical practice (no periodic observation, periodic observation, and treatment ((laser) surgery or radiotherapy). We would rather avoid the use of only two categories. Furthermore, our current study shows higher unweighted kvalues and proportions of concordance than found with the all-options system.
Comparison of the categories within the different systems has prompted discussion on the position of atypical hyperplasia in the Ljubljana classification. This category showed an overlap with moderate as well as severe dysplasia. Therefore, no optimal discrimination is possible between grades 2 and 3 (yellow and pink segment in Table 2 ).
In the current study, the highest k-values for the all-options system are found for the Squamous Intraepithelial Neoplasia classification, followed by the World Health Organization and Ljubljana classifications. For the two-grade system, the Ljubljana classification has the highest k-values, followed by the World Health Organization and Squamous Intraepithelial Neoplasia classifications. The k-values are similar for the three-grade system. As the 95% confidence intervals show some overlap, as seen in Table 3 , no statistically significant (Po0.05) differences are found among the three classification systems. In the future, a similar study based on more cases might demonstrate statistically significant differences.
Furthermore, because of a high level of consensus, the simultaneous pathological assessment had added value in comparison with independent assessment. A consequence could be to advise assessment by more than one pathologist for suspected cases of dysplasia or carcinoma. Similar proposals are found in current guidelines for esophageal and colonic premalignant lesions. [29] [30] [31] Montgomery 32 suggested that we should look beyond the problem of interobserver variability in the diagnosis of esophageal dysplasia. He thinks that sampling error on the part of endoscopists is probably more serious a problem than observer variation among the pathologists who are reviewing patient samples. However, this possibility would only make the diagnosis of premalignant lesions even less reliable and offers no excuse for the observer variation. In our opinion, the identification of patients with intermediate-level laryngeal dysplasia and high risk of malignancy is a multidisciplinary challenge for both clinician and pathologist, a claim that has been made before. 6 The necessity or urgency to treat a laryngeal mucosal premalignant lesion is dependent on several factors: the (voice) complaints of the patient and the risk of progression to invasive cancer or the risk that the sample is not representative for the entire lesion. In the absence of reliable biological markers, the grade of dysplasia is still the most often used parameter to guide the treatment decision. Realizing that clinicians should be aware of the fact that sampling errors may occur and that the determination of the grade of dysplasia is variable. In case of suspicion of a sampling error, a re-biopsy or more extensive surgery should be considered.
Conclusion
In the current study, we have observed no clear tendency in favor of one particular system for classifying laryngeal mucosal premalignant lesions. The weighted k-values did not exceed 0.55, indicating only moderate agreement and underscoring the assertion that current clinical management is in need of additional tools to identify lesions that would or would not become malignant if left untreated. The proposed three-grade system could be useful because of its correlation with daily clinical practice (no periodic observation, periodic observation, and treatment). Another advantage is that it yields better unweighted k-values and a higher proportion of concordance in comparison with the all-options system. Moreover, because of a high level of consensus, simultaneous pathological assessment provides added value in comparison with independent assessment. Therefore, assessment by more than one pathologist might be advisable for suspected cases of dysplasia or carcinoma.
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